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(54) Controlling charging of a battery !n an unintemiptible power supply 

(57) Under normal conditions a load 3 is energised from a main power supply 5 and a battery 1 is 
disconnected both from the load 3 and from a charger 7, the battery 1 being charged in response to its open 
circuit voltage falling to a minimum limit value (VI, Fig 3). Charging Is also Initiated after a mams interruption, 
and if the battery internal impedance increase to a predetermined level during discharge via an inverter 2 to 
load 3. The Internal Impedance Is detemilned on the mains of the load current and the A.C. component of the 
batteryvoltage (which is due to tlie load current). . . * * 

Charging is initially effected at constant current until the battery voltage nses to a reference level, and 
then at constant voltage for a predetermined time (Fig. 3). 

An alarm is raised if the battery Intense Impedance Increaser to the predetermined level dunng 
discharge to the load, and if self-discharge of the disconnected battery causes its open circuit voltage to fall to 
the limit value (VI) in too short a time (Indicative of a faulty battery). Shutdown of the load 3 may also be 
initiated if the battery Intemal Impedance Increases to the predetenmined level. 
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A methoa of controlling and maintaining the charge in 
an accumulator battery in an uninterruptible power 
supply, and an uninterruptible power supply 

The present invention relates to a method of 
5 controlling and maintaining the charge in an accumu- 
lator battery in an uninterruptible power supply 
wherein the battery is disconnected from the load 
under normal conditions, and an uninterruptible power 
supply. 

10 In uninterruptible power supplies (UPS) for com- 

puters and other apparatus that are sensitive to power 
interruptions and the like, the reserve energy source 
in general consists of a series of lead acid cells 
that can be rapidly connected electronically in a case 

15 of power interruption to supply AC current via an in- 
verter to the system connected to the UPS. The purpose 
of the UPS is partly to bridge shorter power interrup- 
tions, partly to signal to the data system in cases of 
mains interruptions of longer duration, so the com- 

20 puter can be shut down automatically in a controlled 
manner without damage, e.g. in lost files, before the 
limited energy stored in the battery is completely 
exhausted. 

In certain known- UPSs, the condition and charg- 
25 ing of the battery is hardly supervised at all, but 
the battery is subjected to a continuous charging 
voltage (float charge) that must be sufficiently high 
to charge all cells in the battery but not so high as 
to overcharge any of the cells. Undercharging of the 
30 battery may result in sulphatation (PbSO«) of the 
electrode plates in the cells. Such sulphate build-up 
is a normal and reversible discharge process in a lead 
acid accumulator, but in a continuous undercharge con- 
dition also non-recoverable sulphate crystals degrad- 
35 ing the capacity of the battery are produced. Over- 



04/21/2004, EAST Version: 1.4.1 



2 

charging may again result in drying out of the elec- 
trolytes of the battery and elevated corrosion of the 
electrode grids and associated conductors. Overcharg- 
ing may further cause bridging phenomena finally res- 
5 ulting in short circuits between the electrodes. Also 
overheating of individual battery cells may occur, 
particularly with several battery cells connected in 
series, as variations in the individual voltages of 
the cells may appear, 

10 Other known solutions utilize individual cell- 

voltage measurements^ but the associated hardware and 
installation are expensive. 

It is an object of the present invention to pro- 
vide a method and an apparatus for achieving a suit- 

15 able charge of the battery in a simple and reliable 
way without any risk of undercharging or overcharging. 
To achieve this, the method of the invention is char- 
acterized in that the voltage over the disconnected 
battery is measured and compared to a predetermined 

20 minimum limit value, that the battery is charged when 
its voltage has declined to the minimum limit value, 
and that the charging is discontinued when the battery 
has reached a certain state of charge. 

The invention is thus based on a type of UPS 

25 wherein the battery is disconnected from the load 
under normal conditions, and the idea of the invention 
lies in that one can reliably measure the open cell 
voltage over the terminals of the battery in discon- 
nected mode, and draw conclusions therefrom with 

30 regard to the capacity and actual charging need of the 
battery. This is not possible in batteries with a con- 
tinuous float charge, as the terminal voltage of the 
battery is determined by the voltage regulator of the 
charger and not by the electromotive force (E.M.F.) of 

35 the battery - 
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Preferred embodiments of the method and UPS of 
the invention are set forth in the ensuing claims. In 
the following, the invention will be explained in more 
detail by means of an example with reference to the 
accompanying drawings, in which 

Figure 1 shows a conventional UPS, 
Figure 2 shows a UPS according to the invention. 
Figure 3 shows an example of a charging cycle 
according to the invention. 

Figure 4 shows a series of charging cycles 
illustrating how the battery condition can be mon- 
itored. 

Figure 1 shows a conventional UPS wherein the 
battery 1 and the associated inverter 2 are normally 
15 disconnected from the output 3 of the UPS by means of 
a switch 4. The load is in this operational mode 
supplied directly from the mains supply 5. At a mains 
interruption, the mains supply is disconnected by 
switch 6, the inverter 2 is activated and connected to 
the load through switch 4. After mains voltage recov- 
ery, the initial state is resumed, whilst the charger 
7 recharges the battery 1. The purpose of the trans- 
former 8 is partly to transform the output voltage of 
the inverter into a suitable load voltage during mains 
interruption, partly to provide under normal condi- 
tions energy to the charger 7 for a continuous float 
charge of the battery 1. The switch 4 can be replaced 
by the switching functions of the semiconductor 
switches 10 in the main circuit of the inverter. A 
modem UPS usually also includes a logic unit perform- 
ing various control functions of the different compon- 
ents of the UPS and providing the necessary warning 
signals to users of the connected system. 

Figure 2 shows a UPS according to the invention, 
comprising as shown in Figure 1 a battery 1, an in- 
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verter 2, switching means 4, 6, a charger 7 and a 
transformer 8. The UPS further comprises a logic unit, 
sucih as a microcomputer 9, for performing the neces- 
sary control functions which will be described herein- 
5 after. As in the apparatus of Figure 1, the battery 1 
is electrically disconnected during normal operation, 
no current passing therethrough. Its open cell voltage 
(OCV) is monitored by the computer unit 9 and read at 
the input a. After a mains interruption, or if the OCV 

10 has declined below a predetermined value, the computer 
unit initiates charging of the battery by means of a 
signal from an output b to the charger 1 . 

When a mains failure occurs, the load current 
can be monitored by the computer unit 9 via input c. 

15 The measured value can be used as an approximation of 
the battery current, and thus the internal impedance 
of the battery can be calculated on the basis of the 
AC component or ripple always generated by the load 
current on the battery voltage when the battery is 

20 discharged to the load. When the value of the internal 
impedance exceeds a predetermined limit, the computer 
unit can initiate charging and issue an alarm of 
imminent battery exchange to the connected system via 
a connection d, and/or initiate shutting down of the 

25 connected system. 

In the method of the invention, the charging of 
the battery is controlled according to the character- 
istics in Figure 3, showing the battery voltage as a 
function of time in charging ♦ The charging of the bat- 

30 tery is started with voltage Ul (t«0). The charging 
current I of the charger 7 is constant at this stage 
and would in time result in a voltage (corresponding 
to charging reference) of Ux volts/battery cell. When 
the battery voltage exceeds Uy volts/battery cell, the 

35 charging reference is altered to Uz volts/battexy 
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cell. The charging is sustained at level Uz for a time 
th, whereafter the charger is turned off. In this way, 
overcharging of the battery is avoided. 

Figure 4 shows battery charging characteristics 
of different kinds; A-normal battery, B-def active bat- 
tery (short and steep discharging curve), and C-bat- 
tery developing a faulty condition (normal curve 
changing into a steep, rapidly declining battery volt- 
age). Hence the condition of the battery can be deter- 
mined from the self -discharge of the battery (dis- 
charge time and rate), and an alarm can be issued via 
the computer unit if for enample the battery voltage 
falls to the lower limit value Ul in too short a time 
in order for the battery to be considered reliable. 
15 The battery capacity can be estimated by means of the 
open cell voltage (OCV) of the battery in disconnected 
mode. The accuracy of the capacity estimate calculated 
in this way is dependent on the time the battery has 
been without charging or discharging, since the OCV is 
20 proportional to the acid density of the battery and 
thereby the state of charge of the battery. After 
approximately 24 hours, the capacity can be only 
roughly estimated (±20%), whereas after 120 hours the 

accuracy is ±5%. 
25 Thus, in accordance with the present inventive 

idea, the computer unit 9 of the UPS in Figure 2 is 
adapted to estimate the capacity of the battery 1 on 
grounds of the battery voltage and its condition on 
the basis of the rate of decline of the voltage after 
charging, and to initiate an alarm to the user of the 
connected system when a given decline rate of the bat- 
tery voltage during a given period of time is ex- 
ceeded . 

It is understood by one skilled in the art that 
the invention is not restricted to the examples given 



30 



35 



04/21/2004, EAST Version: 1.4.1 



6 

f - above, but its different embodiments may vary within 

the scope of the ensuing claims. 
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Claims: 

1. A method of controlling and maintaining the 
charge in an accumulator battery (1) in an uninter- 

5 ruptible power supply, which battery is disconnected 
from the load under normal conditions, charac- 
terized in that the voltage over the discon- 
nected battery (1) is measured and compared to a pre- 
determined minimum limit value (Ul), that the battery 
10 is charged when its voltage has declined to the min- 
imum limit value, and that the charging is discon- 
tinued when the battery has reached a certain state of 
charge. 

2. A method as claimed in claim 1, c h a r - 
15 acterized in that the charging is discon- 
tinued by lowering the charging reference of the 
charger (7) to a level at which no current is supplied 

to the battery ( 1 ) . 

3. A method as claimed in claim 1 or claim 2, 
characterized in that the charging of 
the battery (1) is effected in two steps, whereof the 
first charging step is performed with a higher 
charging reference (Ux) to a predetermined value (Uy) 
of the battery voltage, and the second charging step 

25 is performed with a lower charging reference (Uz) 
during a predetermined time (th). 

4. A method as claimed in claim 1, 2 or 3, 
characterized in that the condition of 
the battery (1) is estimated on the basis of the 

30 decline rate of the battery voltage after charging, 
wherein exceeding a given decline rate during a given 
period of time initiates an alarm to the user of the 

connected system. 

5. An uninterruptible power supply comprising an 
35 accumulator battery (1), an inverter (2) for the 
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f ' inversion of the battery voltage, switching means (4, 

6) for altering the power supply to the load, a charg- 
er (7) for charging the battery, and a logic unit (9) 
for performing various control functions, c h a r - 
5 acterized in that the logic unit (9) is 
adapted to monitor the battery voltage in disconnected 
mode and to compare it to a predetermined minimum 
limit value (Ul), to charge the battery when its volt- 
age has declined to the minimum limit value, and to 
10 discontinue the charging when the battery has reached 
a certain state of charge • 

6. An uninterruptible power supply as claimed in 
claim 5, characterized in that the UPS 
is adapted to discontinue the charging by lowering the 

15 charging reference of the charger (7) to a level at 
which no current is supplied to the battery (!)• 

7, An uninterruptible power supply as claimed in 
claim 5 or claim 6, characterized in 
that the UPS is adapted to control the charging of the 

20 battery (1) in two steps, whereof the first charging 
step is performed with a higher charging reference 
(Ux) to a predetermined value (Uy) of the battery vol- 
tage, and the second charging step is performed with a 
lower charging reference (Uz) during a predetermined 

25 time (th). 

8- An uninterruptible power supply as claimed in 
claim 5, 6 or 7, characterized in that 
the capacity of the battery (1) is estimated on the 
basis of the decline rate of the battery voltage after 

30 charging and to initiate an alarm to the user of the 
connected system when a given decline rate of the bat- 
tery voltage during a given period of time is ex- 
ceeded. 

9. A method of controlling and maintaining the 
charge in an accumulator battery substantially as 
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hereinbefore described with reference to Figures 
2 to 4 of the accompanying drawings. 

10. An Tjninterruptible power supply 
substantially as hereinbefore described with 
reference to the accompanying drawings. 
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